
Baseband and Passband Transport
Systems for Interactive Video Services
Baseband has emerged as the preferred approach for today's interactive video
services applications.
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he subject of interactive video ser
vices (IVS) has recently been promi
nently featured in major publications
[1.2]. This attention reflectS both the
interest bv consumers in obtainin2such
services and the efton of media giants.

telephone companies. and cable companies
scrambling to address the delivery of these ser
vices. It is predic:ed that the drive to provide rvs will
result in the building of the so-a.lled information
super highway to connect subscnbers to the infor
mation providers {3]. RegulatOry and legal barri
ers are dropping amid this clamor. For example.
the FCC's Video Dial Tone ruling has freed tele
phone companies to transpon and prO\ide IVS in
their regions provided cenain restrictions are met
[4]. Bell Atlantic has filed suit and won the right
to provide cable TV services in its own region. In
response to the mega mergers of cable/media
companies and telephone companies (at this writ
ing U S WEST bas purchased 25 percent of Time
Warner, Southwestern BeD has invested in Cox Cable
Communications. and NYNEX has made a major
investment in Viaco~, legislation has been
introduced in Congress which will attempt to cre
ate an enabling environment for competition in
the deployment ofnetworks for delivering IVS while
puning the appropriate "safeguards" in place.

Given that essentiaJly none of the existing
telecommunication networks (cable or teleo) are
capable of pro\iding IVS. network providers have
begun to consider in earnest the nerwork archi
tecture that is best to deploy. Two approaches
have to date received most of the consideration.
Because of the embedded base of broadcast.
coax-based c:lble TV nerworks [5] and because of
the unconfirmed demand for IVS. much atten
tion bas been paid to upgrading these networks
to provide IVS transpon even though extensive mod
ification would be required. These networks are
refened to as passband nerworks because of the
use of modulated subcarriers as the signal trans
pon mechanism. The alternative approach under
consideration is the use of fiber-to-the-c1Jrb
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transport systems [6]. Because such networks
transport IVS directly as baseband signals with
out subcarrier modulation, they are known as
baseband networks. This article compares the
baseband and passband approaches in several
areas inclUding: compatibilitywith the optical trans
mission medium; compatibilitywith IVS sourcefsink
equipment; compatibilitY with the emerging
telecommunications interoffice and feeder networks;
and the cost of deployment. In addition. the
recent history in which passband and baseband
approaches competed to become the preferred trans
pon mechanism in LAN applications is reviewed.
The fact that in that case baseband emerged as
the preferred approach has important implica
tions for the selection of the preferred approach
in today's IVS applications.

Before proceedingwith the above discussion. the
constituentelements and transport requirements of
the end-to-end nerwork for delivering IVS are
reviewed.

The End-To-End Network

I t is enlightening to descnbe the implementation
and requirements of the end-to-end nerwork

for providing IVS. The nature of that nerwork
and its traffic characteristics help determine thebest
approach for the transpon system that carry IVS
to subscn'bers. Figure 1 illustrates the end-to-end
nerwork. The purpose of that system is to provide
a connection between an IVS server and the sub
sen'ber's set-top on an on-demand basis. The con
necrion is made through aswitch (preferably anATM
switch) and transponed through a feeder and dis
tnbutionsystem (collec:tivelyreferred to as the tranS
pon system)and terminatedat theset-top.The set-top
provides the decoding and graphic display func
tion in addition to the network interface function.
In time. the set-topfunctionscouldbe provided direct
Iybythe consumereleetl"Onicswhich displayormanip
ulate the rvs signal (TVset. computer, CD·J player.
game box, etc.). The set-topete-server connection
is managed by a packet-basedsignalingnerwork that
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• Figure 1. The end-Io·end network for providing interactive services.

implements a two-level connection hierarchy fol
lowing the FCC Video Dial Tone model [4].
Specifically, a Levell gateway manages the chan
nel or service provider selection process as imple
mented by the network and switch, and a Level 2
gateway manages the specific service selection
process as implementedby the server. In otherwords,
the Levell gate......ay allows the channel in which
the desired services reside to be selected, while
the Level 2 gateway provides the interlace for the
specific services to be selected. For example, for
a movies-on·demand service, one would select
the "video store" channel by interac:ing with the
Levell gateway. Once connected to that channel,
the Level 2gateway leads the user through the selec
tion of the specific movie that is to be viewed.

Also shoYm in the figure is a path for broadcast
channels to be encoded and introduced into the ::ran.s
port system for distnbution to subSCI1be~. Asecond
stage of switching can be provided in the transport
SYStem to allow access to those channels without
the need to connect through the switch further
back in the network. Other options, such as the
use of a broadcast overlay, could be implemented
to avoid having to encode the broadcast signal. That
option is descnbed later in this article.

There are many technology options for imple
menting the elements of this network, as summa
rized in the box on this page. A comprehensive
discussion ofthesevarious approaches is beyond the
scope of this article, which will instead focus on
the transport portion of the network.

Transport System
Requirements

Requirements for the IVS transport system can be
summarized as follows:

• Large channel capacity to accommodate multi
ple information providers.

• Format independence to accommodate many
signalformats and data rates; formatS could range
from stillframe video to HDTV.

• Sufficientforward channel capacity persubscnber
to provide "nonbJocking" service.

• Low-latencyreverse channelwith sufficient capac
ity to allow nonblocking real-time navigation,
interactive games andwork-at-home networkser
vices.

• Low initial c:lpital cost.

• Maintainable network, inclUdingoperational sup
port systems to reduce lifecycle costs.

• Signal security.
While all of the above requirements are impor

tant, a critical one, wbich is helpful in the base
bandversuspassband comparisonshown later in this
article, is the forward bandwidth requirement.
Today's broadcast video networks are nonblock·
ing, i.e., all channels are brought to the sub
scriber's TV set. While some channels may be
scrambled to prevent viewing, every time the sub
sc:nber selects a channel. it is available, even if it is
scrambled. This characteristic sets the expecta
tion for rvs networks. When the subscnber requests
a service, the expectation will be that the service
will be immediately available. Since IVS require
dedicated bandwidth between the server and the
subscnber, sufficient capacity must be available
to allow subscribers nonblocking access - just
how much bandwidth can be estimated using a
traffic analysis of the anticipated subscnber usage
panerns.

For purposes of estimating the forward band
width requirements, a trafficanalysis was performed
using an Erlang B model with 1 percent blocking

IEEE Communications Ma&uine • M3y!994 91



Description of Passband and
Baseband Approaches

. - -
Int!!Jadiveeducabon. . ,

::MO~~:~;;:;&. ~i=.·~Jsl(n!~h~: ~.7.H;~~~ :r5:::~Jit~..:;~~~~~~t{t' }~~~g~~:lf~§.~~~~~~~~?
;. de.man~·;:;,;: ~.' (3.5 hlY./nioht) ;;~.~:~~.i..~" ~':::~"'~:"''':.i"~:~ ;~~~!;~':>1'~ ~3.~.w:'l:m~i;:.~;~~~~~
.#'~" ..~ _ •• ,.-,;_'=' .,.,. ",/0•• : "'"'~; •• ~ ~p ' -;;;..;.:J -~ : ~~~r.~' ~ :,.,..~~' :r;o ~ ..:;;,':".. _ .;... :- , ..J",

i 1ime-s~ift.~_~ ~~e~~~:ht) 12~.H.~. :-l"~'::,:.'.~~<-.~~; )~~r~.:..:» .Variable (3 to 8 Mb/S).,

i·.'lrite}.;hi·~e.::':£i~Week;i9'htr;;:;: ;-1S His-~~ ;:1@~{.#~~ rO:5:H~s:{~i nC5:"M'k-1

!~edu~o£-::$ ~'(3; lirs:lritg' htf.>:: s~';:;'~5'; '~""t'~ . ..~~; .~.•
!:';''";;'I~4!' ~_~.''''e.'·l~_~.-; '.. •. :..s~,.;i::.Q'''''''.• :,:;:;;r....; ,::: '~~ ~"?,.~.o('~ •

• Table 1. Services characrerisn'cs assumed in traffic analysis.

area, orMb/sIHP, Aggregating the results ofthe traf
fic analysis including the effectS o{varying the bit
rate per port gives the information plotted in Fig.
2 which shows Mb/stHP as a function of IVS pen
etration rate for three scenarios:
• "Low resolution TV driven" (movies-on-demand:

3 Mb/s per port, time shifted TV: 3 Mb/s per
port and interactive education: 1.5 Mb/s per POrt)

• "ActionTV driven" (8 Mb/s, 8Mb/s, and 1.5 Mb/s,
respectively)

• "HDTV Driven" (20 Mbis, 8 Mb/s, and 1.5
Mb/s, respectively).
As can be seen from the figure, bandv.idth require

ments can vary from 1 Mb/s/HP to 5.5 Mb/s/HP
at 50 percent penetration depending on the
nature ofthe delivered signal. This result will be used
in the analysis comparing passband and baseband
approaches given below.

NS peortratlOn
(,n percent) MOVIeS on demand

• Table 2. Broadband por.s per 600 living unit ser..ing area.

'.
probability (7]. A 600·1iving-unit se:-.ing area was
assumed. The assumed services <.n.ijable to sub
scribers and an average subscriber's viewing
habits for each service are give:l i:l Table 1. Three
se:viceswere assumed for this anar.-sis: amovies-on
demand service, a time-shiftedTV service in
which a subscriber can view a previously shown
program at their convenience, and a multimedia
interactive education service.

Table2summarizes the results oithe analYSis list
ing the number ofserver portS required for each ser
vice as a func:ion the penetration rate (i.e., the
percentage of the serving area :hat are sub
SClbers) of each se;-.;ce.•

Determining the forward band";cth required
in the transport system for oInonblocking" service
is simply a maner of multiplying the bandwidth
per port for each se;-.;ce and sUInI:ling the result
ing bandwidth as a function of pe::e:ration rate of
NS. For ease ofanalysis. it is assumed that the trans
pOrt system is engineered to aJJow all three ser
vices to be simultaneously transported. \'v'bile this
is a somewhat conservative assumption, it is a
likely approach that would be used to give a slight
safety factor in the bandwidth e:Jgineering. For
the TV-based services, a variable bit rate per port
is assumed to allow for different si2:1al resolution
to be transmitted as appropriate io a given ser
vice and to allow for assessme::t of :he impact
that migration to HDTV would !lave on the trans
port system capacity requiremerm.

A convenient metric for assessing the trans
port·system bandwidth requirements is the bit
rate per home passed (HP) in :I g:\'en serving

Passband Approach

As mentioned earlier, a passband system uses RF
subcarrier modulation to transport signals through
ashared access transpOrtsystem.Typically, theshared
access is accomplished using a coax cable bus.
Microwave radio systems are also passband systems.
Consideration will be limited to coax systems in
this article because they are by far the more
prevalent approach. Ablock diagram o{acoax-based
passband system [5J is shown in Fig. 3. The dia
gram shows the equipment required to transmit tele
phony services, broadcast video services, and
IVS. Each equipmentgroup is separatelyidentified.

The equipment {or transporting broadcast
video services consists o{ modulators and a hybrid
analogfiber-optic and coax transmissionsystem. The
latter includes a fiber node that terminates the
fiber link and serves a few hundred living units
using a coax bus distribution system. IVS are pro
vided using a digital feeder system that connects
the server/switch to the distnbution system. Mod
ulators transport the IVS channels over a sepa
rate fiber link to the node where the IVS output
spectrum is combined with the broadcast video
services spectrum for distnbutioD on the coax.Asep
arate fiber link is used from the broadcast video
services link because the modulation demands
are quite different for each application. BroadC:lSt
videoseI'\ices required highly Iinea.r distnbuted{eed
backlasers [8] while NS can use less expensive Fabty
Perot lasers [9}. The telephony services equipment
consistso{a host digital terminalwith output modems
and a subscriber terminal at the residence, which
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p'rovides the digital.to-ar.aiog conversion ;lnd other
telepQ.onY!!Jnctions such as banery, ringing, etc. nec
essary for the telephony se:-.ice.

Note that a different subcarrier or band of
subc:lrriers is used for each service. In the c:lse of
broadc:lst video services. the 50 to 450 MHz band
is used for one-way, broadc:lSt signals. In the C:lSe
of telephony services, selec~ed subcarriers in the
50 to 450 MH:z; band carry downstre:lm traffic
while upstre:lm traffic is carried in the 5 to 30
MHz band. Downstream IVS signals are carried
on the 450 to 650 MHz band while upstream con
trol signals are carried in the 5 to 30 MHz band.
In the case of IVS, the capacity of the dedicated
bandwidth feeder s),stem and number of modula
tors which carry the IVS signals incre:lses as the
penetration rate of IVS increases. As a result. the
"Mb/s/HP" factor increases as more equipment is
added.

An attractive approach for the future is to
combine all services into one hig..!}-speed data stream.
Thiswould reduce the number ofmodems required
to bringsel'\ices to subscnbe:>. That :lpproach,how
ever, requires simultaneous high penetration of
all services. If that is not the case, then onlY one
service would bear the cost of delivery v(a the
high-speed data stream with a resulting higher
cost for that service. Until all services achieve
high penetration (particularly high bandwidth
services such as IVS), it is more cost·effec~ive :0
use the multiple modem approach descnbed above.
As a result. that approach ....iil be the basis for the
comparisons made in the balance of the paper.

Sen'ice connections are achieved as follows:
For broadcast video services, the TV set (or set
top converter) simply tunes to the appropriate

• Figure 2. Bandwidrh requirements as a funcTion ofIVS penetrcn'on rare.

subcarrier ("ch:lnnel") in the 50 to 450 MHz
passband and "e:lvesdrops" on the signal. The band
""idth ior :.'1is service is not dedic:ned to individu
al ~bsc:;Ce~. therefore the moduJ:ltion and transpon
com :lre :0..... on a per-horne-passed basis.

For :ele?oony service [10], a group of digitized
mujtiplexed 64 kbis signals each carrying a digi
tized voice circuit is transmitted downstream
from the Host Digital Terminal (HOT) on a
give=:l subc:mier in the 50 '0 .150 ),1Hz passband.
A subscri::er terminal or "circ:Jit maker" box at
the ;eside;;ce tunes to the :lppropriate subcarri
er, democulates the signal to its baseband multi
pie 64-;':05 signals, demultiplexes the appropriate
64·kbis signal(s) and converts it to the analog
inlerface :'or the telephone supplying battery

• Figure 3. Block diagram ofpassband sysrem.

?
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feed, ringing, etc., as today's telcj:lhone sets
expect. Poweris supplied from L'le ne:v..orkwith bat
te:}' back up to allow lifeline service curing com
merc:al power outages. In the reverse path, the
e:icoded telephone signal is multiplexed with
other signals from other subsc:-ibers using a mul
tiple·access protocol. The res·u.ltingsignal modulates
a subcanier in the; to :;0 \1Hz paHband for
transmission in .he uDstream direc:ion. At the
ne~ork end oiL1e link. :he HDTeouiernent receives
the :nodulated 5 :0 30 ~Hz subciriie:s, demodu
!atesthem to baseband Ci2it~ si2!lalswhich are then
:nuitiplexed for :ransrrJss10n as bs1sigr:als through
a 1000 carrier $\'ste:n or dired\" to a central office
switc·b. The HDT also pro....jd~s caB processing,
circuit provisioning, :esting and ;-naintenance
func:ions for the tele?hony service. In Lie case of
this service, bandwidth and equipment are dedicated
on a per-subscriber basis. It should be :loted that
such an approach bas a limited bandwidth for
transporting services other th::m voic: circuits.
The 5 to 30 MHz return path is capable of 480
DSOdrcuits requiringnode sizes of400 homes passed
or less in high penetration applications.l·nderthose
C:,rC".lIDstances. no additional caoacirvis available for
ISDN or DS1(or panial DS1) sen'ices for small
business or residential video conferencing appli
cations. This problem can be solved by se:,\;ng fewer
bomes passed per node~h a consequent increase
in cost per home passed.

For IVS. dedicated channels carrvin2 simals from
the IVS se'rvers are broadcast in" tbe ·£50 to 650
MHz passband. T~ese signals are multiplexed
digital video signals tbat are modulated using
complex techniques such as 64 QA.:\1 [11] or 16
VSB [12] in ordeno have sufficient numbers ofchan
nels available for on·demand services. One
announced approach uses 64 QA.\1 modulation
of a 45 Mb/s DS3 signal capable oi transmitting
nine 4 Mb/s digital video signals in a 12 MHz
passband slot [1:]. l'sing that approach as a
model for this discussion, the 450 :0 650 MHz
passband can carry 16 DS3s or 144 digital video
sis:nals. In order to uin access to.a dedicated
channel, a frequency.~gile set-top sencs a request
for service in the upstream channel to the chan
nel manaeement subsvstem ',which in turn SC:lDS

d1e :ncoming channels "for an available cne, Upon

finding a free ch:lOnel, the Channel Management
subsystem notifies the set· tOp to tune to that
channel. Once tuned to the appropriate ch:mnel, the
set-top then demodulates, demultiplexers and
decodes the appropriate digit:ll video sign::lJ. Because
the multiple :lccess coax system represents a hos
tile environment for 64 QAM signals [14J, additional
signal processing is required in the link to over
come impairments, As reported in the literature,
such signals operate at high bit-error ratios (up to
10-:) thereby necessitating adaptive equalization
and forward error correction in order to operate
at acceptable error rates. This adds complexity to the
set-top. In the C:lSe of this service, as was the case
for telephony services, bandwidth and equipment
are dedicated on a per·subscriber basis in order
to provide 1VS.

Baseband Approach
The baseband system transmits the digital IVS
and telephony signal directly as "bits" through aded
icated (or moderately shared) transmission path
to the subscriber. No subcarrier modulation is
used as is the case in passbandsystems, and the trans
mission path does not use highly shared facilities.

Figure 4illustrates theblock diagram for thebase
band approach [15]. The diagram shows the
equipment required to transmit telephony services.
IVS and broadcast video services. The equipment
consists of an HDT that functions similarly to
that used in the passband system except that its
output is a baseband signal rather than a modu
lated subcarrier. Both telephony aDd IVS services
are transmitted through the HDT, which serves
as a multiplexer to combine those services. The
output ofthe HDTdrivesafiber link that tenninates
at a curbside optical network unit (ONU) which
serves up to 14 living units via dedicated coax and
twisted-wire service drops. The coax drop pro
vides the video services while the twisted-wire
drop provides conventional telephony. The ONU
contains a demultiplexiDg function which sepa
rates the telephony and IVS signals and the tele
phony digital to analog conversion and related
functions. Note that the broadcastvideo services are
transported using an adjunct system that uses
coax cable to power the O!'lllJ and simultaneously
provides apath for broadcastvideo services. The IVS
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f.om the ONU :lnd broadc:m vid~o s~rvice~ from
the :ldjunC't CO:lX are i'assively combin~d :It the:
coa.~ sc:rvice drop. Figure 5shows the frequ~nC)'~pc:c.

trum tr:lnsmitted on that drop. :-Iote that th~ IVS
signals are transmitted via a bas~band ~ignal in
the spectrum below 50 MHz. This is in contrast
to the passband system in which IVS signals :lre trans
mined in the 450 to 650 MHz spectrum using
QAM modulators. The contr:lSted passbilOd ~ystem

spectrum is also shown in the figure.
Service connections for the baseband svstem

are achieved as foUows: broadc:lStvideo servi~es are
transmitted in the same way to the sub~criber as
was the case in the passband approach. The coax
facility used to power the ONU provides the
transmission path. Note that this f:lciliry could be
an already in·place coax system overlaid with the
baseband system to provide telephony services
and IVS. This coax·based, broadc:lst approach is
used for broadcast video services because. in the ini
tial deployment of IVS, penetration rates for IVS
are anticipated to be low. Underthese clrcumsmnces,
tr:lnsponing broadcast video services through the
IVS delivery system would be too costly. The
broadcast video services channels would have to
be digitally encoded and switched, requiring a
set-top to provide the decoding and signaling
functions ateach TVsetmat a~esses broadC3Stvideo
services. Given alow penetrationoflVS, that approach
is expensive for broadcast video services; hence.
the broadc:lSt adjunct..A.s IVS penetration increas
es and set-tops for these services become com
mon, orthe TVset itselfor other adjunCt equipment
incorporates the decoding and signaling function.
it wiIJ become economical to pass the broadc:lst
video services through tbe IVS system. At that
time the coaxbuswould be relegated to being apower
system only. Hence, tbe broadcast adjunct is used
during the transition period to provide broadcast
videoservices until it is economical to provide broad
C3Stvideo services through the baseband digitallVS
system. Since the cost of tbe broadcast adjunct
can be justified solely on the basis of itS providing
power to the ONU, the transport of broadcast
video services comes at a very low incremental
cost.

Digital IVS signals are transmitted through adig
ital feeder to the HDT. At the HDT those signals
are passed through a switching matrix (an ATM
cell router) that provides an access pon for signal
security and a flexibility point for switching multi- ~
cast channels. The switch outputS are multiplexed
with the telephonysignals thathave been transmitted
to the HDT through aloop carrier system (the HDT
is the remote terminal of the loop carrier sys
tem).Themultiplexed signal steam is transmitted in
baseband form over a fiber link to the ONU.
Etherapoint-te-pointor amoderatelyshared point·
te-multipoint link can be used. The latter is limit
ed to a 1 x4 split ratio due to the loss limitations
of the broadband digital signal carrying both IVS
and telephony [16]. At the ONU, the IVS and
telephonysignals are demultiplexed, the IVS signals
continuing as baseband digital signals to the set
top where they are decoded. Note that demodu
lation and forward error correction are not
required at the set-top in the baseband system as was
the case in the passband system because the com
bination of baseband signal transpon and a point.
to-point drop provides a nonhostile link. As a result,
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• Figure S. Service drop frequency specrrum.

the baseband input simplifies .he set-top consid
erably. The demultiplexed digital telephony sig
nals are fed to channel units at the ONU, which
conven them to analog and pro\;de the battery, ring
ing and other telephony functions. Battery back
up is provided through the power feed system.
The resulting analog telephony signals are trans
mitted over t\l.·isted·wire drops to telephone sets
inside the residence.

Comparing Passband and
Baseband

The preceding discussion lays the groundworkfor
a comparison of the passband and baseband

approaches. The approaches are compared in
four areas:
• Compatibility with the optical transmission

medium.
• Companbiliryv.ith IVS signals ano IVS source/sink

equipment.
• Compaobility with the emerging interoffice and

feeder networks.
• Cost of deployment.

The comparisons are presented from the point
ofview ofwhy baseband is the i're!erred approach.

Compatibility with Optical Medium
Both the baseband andpassband approachesutilize
fiber optic transmission. The baseband system
uses fiber links to a node se:\'ing up to 24 living
units while :he passband system uses fiber links
to nodesserving afew hundred li\'ing unitS. It is antic
ipated that as passband systems evolve, fiber will
penetrate deeperinto the network. ;>erhaps to nodes
serving as few as 24 to 36 living units [17]. There
fore compatibility with fiber transmission is
imponant to both approaches.

Digital baseband transmission is a better
match to the fiber transmission medium because
of two fundamental constraints [18]. First, the
photon-detection process that con\'e:-..s transmitted
optical signals to electrical signals has a noise
floor about 40 times highenhan that ofthe electron
detection process used in wireline and microwave
communication systems. Second. light sources
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• Figure 6. Dynamic range comparison: optical venus elec:rical communica·
tions.

used to conven electrical signals .0 optical signals
for transmission overfiber are limited in theirpo.....er·
output levels such that the avaiiable signal is :Jp
to 250 times less than levels available from ampli·
fiers used inv.ireline and micro ave elecrron-detec·
tion systems. Even as very ?o eriul light sources
become available, such as externally modulated eN
lasers, the fiber itself becomes the limiting faclor.
Above a given power level, beginning in the vicin
ityoflO mW, the fiber becomes nonlinear in its tranS

mission characteristics due to Stimulated Brillouin
Scattering mechanisms [19J. The result is that
fiber systems have up to 10,000 times (40 dB) less
dynamic range (the ratio of the highest signal
level to the noise floor) than v.;reline and micro.....ave
systems, as illustrated in Fig. 6.

These "deficiencies" are compensated by 100
times lower loss in fiber comparedwith coaxial cable
at frequencies of interest, and by using binary dig·
ital signaling rather than multilevel or analog
modulation.Binary, oron-offkeyed (OOK) signaling
requires only 21.6 ciB peak signal to rms noise
[20] to acroeve data.transmission-qualityerror rates
of 1 in 109 bits. This is significantly less demand·
ing than analog passband methods for transmit·
ting digitalvideowhich require signal'le-noise ratios
of 30 to 37 dB (or more) toachieve one error in
106 bits after forward error correction [14, 21].
Passband AM·VSB television signals require still
higher ratios of 4S to 53 dB. For fundamental
reasons, fiber is a transpon medium best suited
to baseband digital signals. For baseband systems,
this result leads to less complex modulation
schemes, simpler design rules, no post·installa.
tion "tweaking," lower cost optical components in
the transmitters and receivers, etc., when com·
pared to passband systems.

Compatibility with IVS Equipment
All IVS signals presently envisioned originate
digitally because they are stored digitally at the
IVS servers. Funhermore, the switchingequipment
to be used for connec:ing servers to subscnbers
will be (in some cases already is) digital equip·
ment. Digital servers and switc:Jes wiil be com
mon to both passband and baseband applications,
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the same units will be used in either case [15J.
Funhennore, the IVS sink equipment is evolving
toward becoming digital. Today's CD-I players
and game players are digital devices with the
exception oftheir:malogoutput stages used for driv
ing TV monitors. Even the TV sets themselves
are incorporating more and more digital process
ing technologyfor picture·in·picture or digital noise
reduction. With the emergenceofdigital HDTV pro
posals, the television industry began to set its
sights on an aU-digital approach [2:2J. The base·
band approach better matches the emerging IVS
source/sink devices because it directly transmits
the digital signals inherent to IVS applications.
The passband approach is fundamentally an ana·
log approach requiring modems to transmit digi·
tal signals. as discussed earlier, and this fact has a
cost impact to be described laler.

The comments above relative to IVS also
apply to lelephonyservices.Those services are rapid·
Iy moving toward becoming digit:!1 services. Certainly
on the network side, digital switching is becoming
dominant. With the penetration of ISDN. the
subscnber side ofthe networkwill evolve to.....ard die
ital interconnectsat the residence. Interestingly, both
the baseband and passband approaches bring
telephone signals in digital form to the curbside (base
band) or the side of the residence (passband). In
other words, telephony service is a baseband digi
tal signal in both applications. Recall that modems
are required to transmit the digital signal through
the passband network. Such modems are not required
in the baseband approach. This is clearly evident
in the comparison of Figs. 3 and 4. The same
HDT and channel·unit functions are used in both
the passband and baseband architecture, the dif
ference being the use of modems for transmission
path in the passband system. Additional cost for
equipment is the result.

The above discussion clearlypointsout the nature
of the trade-off between passband and baseband
approaches. It is a classical and often seen trade·
off in communication systems: one can imple
ment shared transmission facilities with the
consequence of increased complexity of terminal
equipment or use more "wire" and less complex
terminal gear. A simple example: a traditional
telephone station set has a direct wire connection
to the switch (simple terminal gear, more ire),
whereas a cellular telephone shares the ire..
(a shared access RF connection) connecting it to
the switch (less wire, more complex terminal).
Such is the case with passband (less .....ire. more
complex terminal) versus baseband (more .....ire,
lesscomplextenniDaI). How this effectS the cost trade
offs between the two approaches is discussed
later in this anicJe.

Compatibility with the Emerging
Network
A dominant trend in telecommunications net·
works overthe last severalyears hasbeen toward the
implementationofaD~gital networks.Amorerecent
trend has been the implementation ofsynchronous
transmission. The interoffice and feeder portionsof
the existing and plannednetworks for both telephony
Uld cable television use or will use baseband digi
tal SONET facilities designed for survivability
[23]. The concept of service delivery over SONET
based survivable rings is also being promoted
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·within the c:lble industry [:.:j. These ring :Jet
worb which utilize the SONET p~j[h overhe:ld
providee~ :lccess to embedded signals through the
use of add/drop multiplexing. Furthermore. such
networks provide direct b:lseb:lnd in[erf:lces to
narrowband and ATM switches. These "b:lck-end"
networks will be common [0 anv access network
approach whether baseband or passband, telco or
cole. Baseband is asimpler :!pproach for access net
works, it can directly extend baseband switch
interfaces and survivabilitv features :0 the end
user bee:luse those features are inherent to the base
bandsignals. Passband approaches require the base
band signals to be modulated onto subc:lrriers.
thereby removing the ability to monitor them direct
ly in order to gain these advantages. Direct access
(observabiliry) to subr:lte channels. an import:lnt
properry ofSONET, is lost .....ith passband. The result
is either a loss of the abiliry to implement SUT\'iv
ability, or the addition and standaidization of
new modulation/demodulation stepswhich add con
siderable delav and cost. While this may not be
an issue in the near term for residential sub
scribers, it will be an issue for small businesses
also served bv the same local access :Jerwork. and
in the 10nEeT term for residences as services car
ried over the network become increasingly impor
tant (e.g., horne-based health care or :ele:ommuring).
The construction of physically separate ner...·orks
based on segregation of residential customers
and business customers should be seen as an
unnecessary and costly expense. Clearly, imple
menting synchronous digital approaches in back
end networks togetherwith analog passband syste:ns
for distribution applications goes against the
trend toward aU-digitai networks.

Cost of Deployment
The cost ofboth passband and baseband approach
es was modeled assuming transport of broadcast
videoservices. IVS and telephonyse:vices.A"model"
community layout was established and the cost to
install fiber, coax and drop cableswas predic:edbased
on current buried plant installation practices [25],
Two installation scenarios were modeled. The
first was a new-build situation where new plant
was installed assuming a "desert stan." The sec
ond was a rebuild situation. The latter case
requires some explanation. For the passband sys·
tem, a rebuiid consisted of rebuilding an in-place _
coax distribution system from an assumed 330
MHzone-waycapabilityto a i50MHz two-way capa
bility. This involves replacing all active and pas
~ive components in the coax system and moving
amplifier sites as required to achieve the higher
bandwidth, The drop is assumed to be reused in
the rebuild. Fiber feeder costswere added as appro
priate for a 6QO-living-unit-per-node application.
Rebuild for the baseband system consisted of
overlaying a baseband system transporting IVS
and telephony services on an in-place 330 MHz coax
system (used for broadcast video services). A new
fiber distribution facility for feeding IVS and
telephony signals to the Oi'o"Us is assumed to be
installed in this rebuild scenario. SliEnt modifiC:l'
tionswere assumed for the in-place coax to allow for
power taps for the baseband ONL's and combin
ers at the coax service drop, The in-place coax
drop is assumed to be reused and a new ::wisted
pair drop is installed when telephony services are
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:ie:ivered. The costs for .he rebuild are 2iven in
the boxes on this page. These COSts are basedon pre
dicted costS for m:ljor rebuilds such as the rype
assumed herein [25,26]. Instailation costs couldvary
from those assumed in this anaIvsis.The effecrwouJd
be to change the absolute COSt results but not the rel
ative results since the 5:lme conditionswere assumed
for ail cases.

The equipment assumed in the analysis is that
sho.....n in Figs. 3 and 4 for the passband and
basebandsystems. respectively. Volume pricingwas
assumed for all equipment. Ser....er and switching
cos:s were not included in either analvsis even
though somewhat more switching equipment may
be required in passband net.....orks in order to
impiement equal :lccess due to the channel C:lp:lC
iry limitations in the :r:msport system. Equipment



configurationsvary depending onwhich ser-ices are
deployed. The rebuild scenarios do not affect the
equipment that is deployed, only the outside
plant costs are affected.

The first box on the previous page lists the
costs assumed for the passband system. :-"ote that
a 100-homes-passed·per-mile density is assumed.
The second box lists the costs assumed for the
basebandsystem. The same installation assumptions
were applied to both. Three application situa
tionswere considered.~e 1is avideo-only (broad
cast video services and IVS) system in which costs
were calculated as a function of IVS penetration.
The results of the traffic analysis presented earli
er (specifically, the lowest values for ~b/slHP
from Fig. 2) are used to predict the feeder and
modulator requirements for passbandand the feed
er requirements for baseband. Costs are calculat
ed on a per·home-passed basis, set-top costs are
excluded. Case 2 is a video-services system with
20percent telephonypenetration (an"out-of.region"
telephone company pannered with an incumbent
cable company) with the same IVS penetration
situation as Case 1. Case 3 assumes video services
with a 100 percent telephony penetration (an "in
region" telephone company). Figs. i, 8, and 9
present the results of the cost analysis.

The cost comparison brings Out several points.
From Fig. i, one can see that for broadcastvideoser
vices only (the "0 percent penetration" point),
the passband system has a cost advantage. As IVS
penetration increases, a cost crossover occurs at
17 percent or 22 percent penetration depending
on whether a new·build or rebuild situation
applies.Theshape ofthe cost cmves is fairly intuitive.
The passband system increases in cost with pene
tration because more and more feeder capacity
and more and more modulators are required as
additional bandwidth is needed for IVS (i.e., as more
subscnberscome online).The basebandsystem stays
relatively flat because a large bandwidth capacity
is placed near residences as a result of bringing
fiber to the curb. In fact, the bandv.idth capacity
is large enough that the bandwidth required for
IVS does not exceed it, therefore no additional band·
width.generating equipment is necessary as pene·
tration increases thereby keeping the cost fiat.
From the figure, one can conclude that baseband
systems can be cost effective once IVS penetration

S8

reaches nominally 20 percent. It should be point
ed out that the b:lseband system is delivering con·
siderably higher bandwidth in the distribution system
than the passband system. In fact, for the eum
pie analyzed, the baseband system delivers 18
Mb/s per home passed independent of IVS pene·
trlltion, while the pwbllnd system delivers a max
imum of1.3 MbiSfHPatSOpercentpenetmtion.lower
at lower penetration. The basebllnd system deliv
ers more than an order of magnitude greater
bandwidth!

The other two scenarios (Figs. 8 and 9) show a
more favorable result for the baseband system. In
the case of broadcast video services plus 20 per
cent telephony services penetration, the costs
favor the baseband system lit less than 5 percent
penetration oflVS. The slime is true for the 100per
cent telephony services penetration. Note again that
the basebandsystem is delivering more thanan order
of magnitUde higher IVS capacity per home
passed than the passband system.

An interesting result: by examining the fig
ures, one can surmise that it is actually less costly
to overlayabasebandsystem on an existing passband
broadcast video services system (the "rebuild"
c:LSe for the basebandsystem) than it is to rebuild the
existing broadcastvideo services passband system to
carry IVS and telephonyservices. This is seen by com
paring the "rebuild" cost results for both systems.
In the worst case (the video-only case), the cost
crossover occurs at 22 percent IVS penetration.
In Ihe other cases. the cost crossover is at less
than 5 percent IVS penetration. This illustrates
the point that it is best (and least costly) to deliver
baseband digital services using a baseband system
rather than a passband system. This has been seen
before, as is described in the following section.

Set-top costs have not been included in the
models. Both the passband and baseband approach
require aset-top to implement IVS.Theset-top used
in each case is similar, both have digital to analog
converters, both have video display "engines" to
manipulate the video output. etc. The major dif
ference is that the passbandset-top uses an RFfront
end to demodulate the QA.'A signal to baseband
for processing by the rest of the set-top. Also
included in this front end is adaptive equalization
and forward errorcorreetion. Since the outputof the
RF front end is a baseband signal. it is intuitive
that the "front end" of a baseband set-top is
much simpler since it terminates a baseband sig
nal directly. The difference in complexity leads to
a higher cost for the passband set-top. Even if the
cost difference is only a few dollars, the number
of set-tops deployed in a high IVS penetration
environment can lead to significant cost savings
for the baseband system.

The above results apply to a model system
with fixed equipment costs. In an actual deployment
situation, learningcurve effects andvarying IVS pen
etration rates will impact cost. For example. what
would be the cost to deploy baseband or pass
band IVS systems in a multi-yellr. large·scale
installationeffon (greater than 10million lines)with
increasing IVS penetration rates? That is the sit
uation one will likely encounter in practice. Since
baseband systems have more optical fiber and
more electro-optical devices than passband sys
tems on a per-home.passed basis (fiber is brought
t~ approximately 20 homes passed in baseband
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applic:llions versus a few hundred homes p:lssed
'In passband systems), and since baseband sysle:ns
have"3 larger content of strictly digital circ:Jitry.
One would expect more aggressive price reduc
tions with volume for baseband technology [18J.
Hence. as deployment volume increases, the cost
of baseband systems decrease more rapidly than
passbandsystems [27]. Funhe:-more, as seen in Figs.
7 through 9, baseband systems become more
cost-effective versus passband as IVS penetration
rates increase. When amulti-year, large-scale deploy
ment is modeled and the learning curve effects
and penetration rate effects are accounted for, it
is found that deploying baseband systems can
cost substantially less, up to 25 percent [28].

The conclusion reached from the above analv
sis is that baseband SYStems C:ln be cost effedve ve~
sus their passband·counterpans. In fact. a "rule
of thumb" emerges from the analysis: if any tv.'o
ofthe three services is deployed (i.e. broadcast ,ideo
services, IVS, or telephony), baseband systems
are the least cost approach. If only one service is
deployed (i.e., broadcast video services), then
passband is the least cost approach.

Past Experience with
Baseband and Passband
Systems

I n the '805, both passband and baseband approach
es were considered for LA,I"s. Standards were

....Tinen for both (29). The passband approach ''\''as
the IEEE 802.4 token bus standard (30). Two
baseband approaches were standardized. the
IEEE 802.3 CSMAlCD standard (31) and the
IEEE802.5 token ring standard (32]. Both passband
and baseband bad staunch proponents. )lew
companies were fonned to pursue each. In some
cases, several companies pursued both indepen
dently. AD intense battle was waged to deter
mine the preferred approach. What was the
result? The baseband approach was the resound
ing winner! The companies that pursued pass
band eitherwent outofbusinessor changed product
lines. Suppon for the token bus passband stan
dard has eroded to the point where there is IirJe
or no activirv. What were the factors that led to
this result a~d do they apply in the case of IVS
systems considered berein?

Interviewswith participantsand references in the
literature identify the cause. The fundamental
reason for the demise of passband LANs is that RF
subcarrier modulation on coax cable is inherently
an analog transmission method. It is optimal for
broadcasting analog signals to multiple users. but
has significant drawbacks when it is used to trans
pon digital signals todedicated users aswas the case
in !.AN applications 133]. This fundamental limi
tation manifested itself in several ways as pass
band ~"ls were deployed.

The inherent analog nature of the RF coax
medium means that even digital signals are trans
mitted as analog signals. A modem is required to
modulate an RF subcarrier to tranSpon the signal.
That adds complexity and cost to the system and
it also adds maintenance problems. Digital sig
nals degrade more precipitously than analogsignals.
They degrade c:ltastrophiC:llly instead of gradually
when signal levels or frequency response change.
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• Figure 8. Cosr as a function ofWS penerrarion for 20 percenrrelephony ser
vices penerrarion.

Forinstance. a10 dB drop in signal level for an NTSC
TV signal results in more "snow" in the picture.
A similar drop in a digital signal's level could
result in catastrophic loss of the signal. This is
panicularly true of the more complex, multilevel
signals that are used in RF subcarrier applica
tions to minimize bandwidth use. For example, in

_ the approach analyzed herein for transponing
digital signals in cable TV systems for interactive
services, 64-QAM modulation is used in order to
get 4S Mb/s into a 12·MHz bandwidth [13]. This
is a very complex signal; 64 different values of
amplitude and phase are used to represent the
"bits" of the digital signal. While an NTSC TV
signal will tolerate seasonal fluctuations in RF
amplitude and phase without serious degrada
tion. such digital signals may not. This character
istic led to a significant maintenance problem in
passband LA,:'1s [34 ]. Frequent adjustment was
required to keep the RF levels balanced in order
to maintain integrity of the digital signals. Sea
sonal maintenance was required even though
mOSt Mteroswere indoors! Those fannliarwith tele
phonecompany analog coaxial Ctlble C:lrriersystems
such as L-camer can relate to these problems.

The premises communications environment is
one of constant moves and adds of attached
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users, and one in which upgrades to accommo
date new services :Ire routinely made in response
to the evolving dem:mds of the network users. In
the RF CO:lX environment, moving and ::Idding unan
ticipated users ultim:ltely results in the need to
re·engineer the RF levels in the coax distribution
system. Adding Or changing the size of taps in the
coax line results in changes in the delivered RF
signal leve!s requiring "re-tuning" of the levels in
order to guarantee performance ofthe signals deliv
ered via the RF subc:uriers. upgrades to allow
new services often required explmding the band
width of the coax system or changing the frequen
cy at which the TwO directions of transmission in
the coax were separated. The result was the re
engineering of the entire coax distribution sys
tem. A simiiar circumstance is seen today as
CATV operators upgr::lde their networks from
330 MHz to 550 MHz or i50 MHz. Al1 active
(line amplifiers) and passive (taps and even con
nectors) components must be ch::lnged to accom
modate such an upgrade. Forpassband LA...'1s, these
factors led to the constant twe:lking of passband
LANs resulting in much higher than anticipated
operation and maintenance costs (35). Passband
LANs as a result did not live up to the hope that
theywould be :he universal communications pipeline
making use of :narure cable TV technologies that
can be put in a.,d forgotten..

In contrast, baseband IA,.'1s found widestlread
acceptance because of tbeir inherent simplicity
for transponing digital signals that were tbe traf
fic in LAN applications. Dramatic cost reductions
were achieved as aresult ofthe large-scaie integration
ofthe simple logic C;:.cC'.llts used to process and trans
mit the signals. Becausesimple "on-off" modulation
schemes were used and because no analog or RF
circuiaywas required,~nal adjusanentSwerenot
necessary and communication reliability was high.
Moves and adds were still a problem requiring rear
rangement of facilities, but once: facilities were put
in place, they operatedv.;thoutseasonal adjustments.
Operation and maintenance costs were low.

To summarize, passband lost in the LAN
transpOn teclmology battIe because it cost more to
implement and maintain that its baseband coun
terpartS. Using an inherentlyanalogmedium for dig
ital signal transmission led to avariety ofdiffiC'.llties
that resulted in the demise of passband.

Do these faCtors apply in today's NS traDspon
applications? Yes; in both cases, inherently digi
talsignals are or are planned to be transmitted using
analog subcarrier modulation techniques for
point-to-point dedicated connections in a sbared
medium architecture, the same problem tbat
passband IA,.'1s faced. Architectures are similar
in that LA."I systems generally contained only a
few line amplifiers due to the restricted geo
graphical areas theyse:ved.Today's tiber-segmented
passband neNt'orks also have only a few ampli
fien in their coax dismbution systems resulting in
relativelysmall serving areasaccessing the coax. One
significant difference is that LA.N-based networks
were installed with greater care than today's
cable systems because of stringent requirements
for reliability and foreknowledge that the networks
would be used for digital signals. Furthermore,
today's proposed passband IVS systems are even
more complex than their LAN counterpartS. More
complexmodulation schemes are to be used and the

applic:llions are more dem::lnding. Error toler
:lnce in compressed video sign:lls is very low, sin
gle uncorrected bit errors c:ln le::ld to noticeable
imp:lirmentS. Afurther compliotion that comc-based
IVS networks will face h:ls to do with degr:lda
tions suffered by coaxial cable :lfter installation
:lnd the poor condition of existing systems. Specif
ically, CO:lX loss incre:lSeswith time: :lner inst:lll:ltion,
panicularly :H higher frequencies, due to temper
ature cycling (36]. The higherfrequency band is pre
cisely where IVS will be transmitted, leading one
to predict pOtenti:l1 transmission reliability prob
lems. The installed plant. particularly the passive
components and wiring inside residences provide
a hostile environment for the IVS signals carried
in the 450 to 650 MHz band [21, 3i]. The end
result will likely affect the cost and reli:lbiliry of
the IVS network. Finallv, the S to 30 MHz return
channel band representS'a signific:lnt bottleneckfor
telephony:md interactiveservices due to bandwidth
limitations and noise ingress (38]. Again, cost :IOd
reliability of service are likely to be affected.

It is very tempting to try to reuse the embed
ded coucable systems for IVS, particularly for cable
companies since it is hoped that upgrading would
cost less than inst:lJling new networks, A similar
temptation faced LAN designers in that reuse of
available C:lble TV technology was going to lower
implementation costs. After struggling to COSt
effectivelyovercome the limitations of the passband
medium for transporting digital point-to-point
signals, many LAN designers abandoned the
passband approach in favor of baseband. It is
interesting to note that the arguments against
baseband in the early days ofLAN applicationswere
similar to those heard today in NS :lpplicatioas.
While it was acknowledged that baseband was the
ultimate LA..'1 approach (as is being s:lid today
for IVS applications), its detractorspointed out that
new technology had to be developed to imple
ment baseband and that its cost would be too
high initially. The relative ease with which cost
effective :Jew technology was developed (based
on the fact that largely aU-digital circuitry was
required) and the reliabilityofthebasebandapproach
once itwas installedled tobasebandbeing preferred.
Baseband rvs technology is in a similar situation
today.

Inspite ofthe availability ofcoaxsystems and the
rationale for upgrading them to allow provision
of rvs, considerable modification will be required
to implement theupgrade and even after that is com
plete, there are substantial risks that the resulting
system will have performance problems as was
the experience with passband LA.Ns.

Summary

The baseband approach is the best choice for
implementing the proposed network for trans

poning IVS for several reasons.
It is better matched to tbe properties of the

optical fiber communication channel (the com
munications medium of choice). As a result,
baseband systems will utilize simpler modulation
schemes and lower cost components for the fiber
optic transpon system.

It is better matched to the emerging telecom
munications network. Baseband systems continue
the trend toward all-digital networks and allow
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the advantages of synchronous trans;nission to be
extended to distribution networks.

It..is beuer rna tched to the emerging new senices.
Given that lVS will be and telephony services are
becoming strictly digital signals. baseband sys
tems transport such signals directly without the
modems required in passband approaches there
by reducing implementation and operating costS.

Baseband systems will cost less to deploy, par
ticularly as IVS penetration increases. F'Inhermore,
past e;tperiences in lANapplicationsv,ith baseband
systems indicate that they cost less to operate and
evolve more gracefully than their passband coun
terpans. The passband approach is rooted in the
desire to provide today's broadcast services more
economicaIlytradingoffthe abilitytopro..ide tomor
row's interactive services efficiently. The base
band approach meets the future need, easily
accommodating today's broadcast services using
a straightforward overlay.
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FOR IMMEDIAlE RELEASE

AT&T NETWORK SYSTEMS AND BROADBAND TECHNOLOGIES ANNOUNCE
ENHANCED INTERACTIVE VIDEO NETWORK SYSTEM

MORRISTOWN, N.J.--Oct 5, 1994--AT&T Network Systems and BroadBand

Technologies, Inc. today announced an agreement to develop and market a new system that will

allow telephone and cable companies to connect homes and offices with interactive multimedia

services.

The new Switched Digital Video (SOV) feature for AT&T's SLC®-2000 Access System

integrates BroadBand's industry-leading Fiber Loop Access (FLX®) switching and transport

technology with AT&T's widely accepted SLC- 2000 system. The combination will create a

powerful, cost-effective technology platform for new digital services that network operators want

to offer.

"AT&T Network Systems is committed to providing our customers with total solutions for

the explosive new interactive multimedia market," said Richard A. McGinn, President and CEO,

AT&T Network Systems.

"BroadBand Technologies adds a cost-effective, high-performance video capability to our

SLC-2000 Access System that will meet the switched digital video requirements that have already

been identified by many of our customers," said McGinn.

"The addition of a SLC-2000 SOV feature with FLX technology to our access product line

extends AT&T's ability to offer service providers the broadest range of architectural choices for

solving unique application and service requirements with end-to-end total solutions," he said.

The SLC-2000 SDV feature will meet existing and emerging industry standards including

SONET, TR303, MPEG2 and ATM. The system will be marketed, sold and serviced in the US

and Canada by AT&T Network Systems with full support from BroadBand Technologies. Under

the terms of the agreement, BroadBand Technologies will be the sole provider of the SDV

capability for SLC-2000.

P.O. Box 13737 Research Triangle Park. NC 27709-3737 Phone Number: (919) 544-0015 Fax Number: (919) 544-3459 n__________________________----'IL-



BropdRaud Tecbnololdes Paa:e 2

"In addition to their world-class equipment, AT&T's critical systems integration capabilities

will facilitate communications service providers' rapid deployment of advanced broadband

networks," said Salim A. L. Bhatia, President and CEO of BroadBand Technologies. "Our

alliance with AT&T provides a strong endorsement for our switched digital video and fiber-to-the

curb technology and provides us with the marketing and field support to address this exciting

market."

BroadBand Technologies, Inc., (NASDAQ: BBTK) based in Research Triangle Park,

NC., was founded in 1988. Its mission is to provide network operators with the systems required

to bring the power of interactive switched digital broadband technology to consumers. The

company's FLX System is currently being deployed by Bell Atlantic and Southwestern Bell and

has been in trials at most regional operating companies, GTE and a number of international

telephone companies.

AT&T Network Systems is one of the world's largest manufacturers and providers of

network telecommunications equipment, offering communications service providers virtually

everything they need to build and operate their networks. AT&T provides communications

services, equipment and computer systems to consumers, businesses and communications

companies around the world.

(a) FLX is a registered trademark of BroadBand Technologies, Inc. SLC is a registered trademark
of AT&T

CONTACT:
Terry Romano
AT&T Network Systems
(617) 574-3157

Julie Price
BroadBand Technologies, Inc.
(919) 405-4816

Blanchard Hiatt
AT&T Network Systems
(201) 606-3467

Patrick Fetterman
Copithorne & Bellows
(617) 252-0606
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FOR IMMEDIAlE RELEASE

BROADBAND TECHNOLOGIES AND AT&T MICROELECTRONICS
ANNOUNCE COST, TECHNOLOGY BREAKTHROUGH

FOR INTERACTIVE VIDEO NETWORKS

RESEARCH TRIANGLE PARK, NC~ December 6, 1994 -- BroadBand Technologies,

Inc. (NASDAQ: BBTK.) and AT&T Microelectronics today announced a technology breakthrough

that further reduces the cost of "fiber-to-the-curb" networks. This new use of encoding technology

enables BroadBand's Fiber Loop Access (FLX®) System and AT&T's SLC-2000® Access

System with SDV, which incorporates FLX technology, to deliver voice and broadband digital

interactive services over the twisted pair wire that is commonly used between the curbside and

homes, reducing the installation cost for the FLX System.

The encoding technology also enables the FLX System to provide a simple, affordable

solution for those subscribers who only want standard broadcast cahle services. Because the

encoding technology uses a frequency that is well below the range of standard broadcast channels

and above those used for ordinary voice or digital network services, the FLX System can deliver

analog television and voice signals over the same wire as the interactive services. This allows the

reuse of both existing telephone drops (analog twisted pair) to the home, as well as the coax cable

within the home.

The two companies are integrating l6-CAP, a standard encoding and compression

technology developed by AT&T Bell Laboratories, into BroadBand's FLX System. l6-CAP (16

Carrierless Amplitude and Phase Modulation) is a data encoding technique that reduces the

bandwidth required for video transmission to one quarter of what is required for non-encoded

video. This implementation provides for the transport of a robust digital baseband signal as well as

a high-speed upstream signal for interactive services over standard telephone wiring.

"BroadBand is dedicated to driving down the installation costs of switched digital video

and accelerating the time to market of the industry's most powerful interactive services network
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architecture," said Rick Jones, Executive Vice President and co-founder of BroadBand

Technologies. "Utilizing AT&T Microelectronics' implementation of 16-CAP technology in the

FLX System enables network providers to deploy fiber-to-the-curb for high bandwidth

communications, and use the industry standard wiring the final yards to the home for ease of

installation and cost effectiveness. The ability to transport digital signals on twisted pair wiring

creates one more cost-effective and elegant option for network providers deploying the FLX

System in the real world."

"Cost of implementation and compatibility with today's networks have been the major

considerations for the growth of interactive services," said Gerry Pepenella, transmission and

access IC marketing director for AT&T Microelectronics. "Thanks to the excellent collaboration

between the two companies, there's now a cost-effective solution to add new, interactive video and

data service capabilities to the existing infrastructure.

"Not only does the existing wiring and customer equipment remain intact," he added,

"since 16-CAP is an industry standard, it brings us closer to the day when the public network is

able to deliver a whole range of new combined voice, video and data services into homes and

offices at an affordable price. "

16-CAP modulation/demodulation allows an encoded signal to be sent over Category 3

Unshielded Twisted Pair (UTP) wiring, the standard for curbside-to-home installation. Because

this transmission can be accomplished without the use of carrier modulation schemes or forward

error correction, it is highly cost-effective when compared to competing encoding/modulation

technologies.

BroadBand Technologies' FLX System is a switched digital video system that incorporates

asynchronous transfer mode (ATM) switching and transport to provide broadcast and interactive

services over fiber-to-the-curb networks. The FLX system enables network operators to provide

telephone service and advanced services such as enhanced cable TV, impulse pay-per-view movies

and movies-on-demand, multi-media home shopping, electronic yellow pages, interactive

educational programs, and telemedicine on up to 1,500 interactive channels. The BroadBand FLX

system allows consumers to choose when and what to watch, transforming the idea of an unwieldy
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cable TV system with hundreds of channels into an easy-to-use, interactive channel that is

customized for each consumer.

AT&T Microelectronics has pioneered the use of 16-CAP in telephone and interactive

services networks. The ATM Forum, an industry-wide group developing standards for

asynchronous transfer mode switching technology, has approved 16-CAP for communications

over UTP wiring in local area networks, but today's announcement is the first involving 16-CAP

technology for use in broadband networks that deliver voice, broadcast video, interactive video,

and other services.

BroadBand will begin shipping the FLX System with 16-CAP technology in 1995.

AT&T Microelectronics offers a full line of high-performance components and electronic

systems to original equipment manufacturers for applications in network communications,

telecommunications, cellular/wireless and video. Included in the product line are CMOS, Bipolar

and High Voltage custom and standard products, communications devices, graphics and speech

processors, lightwave products, and power supplies.

BroadBand Technologies, Inc., based in Research Triangle Park, N.C., was founded in

1988. Its mission is to provide network operators with the systems required to bring the power of

interactive switched digital broadband technology to consumers. The company's Fiber Loop

Access (FLX) System is currently being deployed by Bell Atlantic and is being trialed by

Southwestern Bell, and has been in trials at most regional operating companies, GTE, and a

number of international telephone companies. The FLX System was selected by AT&T as its

switched digital video (SDV) offering for the U.S. and Canadian markets.

####

Note to editors: FLX ~ a registered trademark of BroadBand Technologies, Inc.

For more information contact:
Julie Price
BroadBand Technologies, Inc.
(919) 405-4816

Sam Gronner
AT&T Microelectronics
(908) 771-2826

Patrick Fetterman
Copithorne & Bellows
(617) 252-0606
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INTERACTIVE TV LEADERS COOPERATE TO DELIVER
VIDEO-ON-DEMAND SERVICES

- BroadBand Technologies, Inc., Compression Labs, Inc., Digital Equipment Corp.,
Microware Systems Corp., and Philips Consumer Electronics Co. to

Deliver First Standards-Based End-to-End System -

RESEARCH TRIANGLE PARK, NC, Apri120, 1994 -- A group of leading

communications hardware and software vendors today announced they are cooperating to deliver a

standards-based, end-to-end system for providing interactive video-on-demand services to

consumers. The system is the fIrst open, end-to-end architecture delivered for the information

superhighway, and uses industry standards such as ATM (Asynchronous Transfer Mode) for

communications and MPEG (Moving Pictures Expert Group) for compressing video signals.

This adherence to standards will ensure seamless compatibility between data storage

equipment, fIber-to-the-curb networks, and intelligent set-top devices, facilitating the delivery of

high-performance video on demand to consumers.

Open, standards-based systems enable cost-effective delivery of new services, breaking

price barriers to allow carriers to deploy interactive services in an economical manner.

The system incorporates Digital's video and interactive information server, a fIber-to-the

curb, digital, switched network system from BroadBand Technologies, terminals or "set-top"

boxes from Philips Consumer Electronics Co. and Compression Labs, Inc. (CLI), and DAVID

operating software from Microware Systems Corp. to build a broadband, all-digital, interactive

information superhighway. The creation of an open, standards-based interface between the video

server and networking elements of the information superhighway ensures that consumers will be

able to access programming, such as movies-on-demand and home shopping, from all the different

service providers.

P.O. Box 13737 Research Triangle Park, NC 27709-3737 Phone Number: (919) 544-0015 Fax Number: (919) 544-3459
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The combined use of ATM and MPEG will enable unequaled levels of two-way video

communication and provide the basis for advanced video-on-demand services.

Salim A.L. Bhatia, president and CEO of BroadBand Technologies, said, "By working

together to defme this open network architecture, we will speed the time-to-market of high-quality

interactive video. This open, cost-effective ATM architecture will also allow a wide range of third

party service suppliers to deliver advanced video-on-demand to consumers."

"Open standards are vital to the success of video and interactive information initiatives,"

said Charles F. Christ, vice president of Digital's Storage Business Unit and the company's Video

and Interactive Information Services group. "Availability of a single, cohesive end-to-end solution

that integrates products from different suppliers opens the door to the effective delivery of high

quality interactive video services to users."

Kenneth Kaplan, president of Microware Systems, said, "We believe that open access to all

networks and application interoperability are crucial for the growth of the interactive industry. Our

DAVID software is a common operating system standard for interactive digital decoders that can be

used in telephone, cable TV and wireless networks. DAVID's enabling technology has already

been widely adopted in this industry, primarily because it's based on proven, immediately

deliverable software."

Bill Kennedy, senior vice president at Philips Consumer Electronics, said, "Success of

advanced services hinges on three dependent requirements: a large variety of interactive

programming; a flexible, high-bandwidth delivery pipeline; aI)d flexible, easy-to-use consumer

hardware. Open, non-proprietary standards provide the greatest incentive for multiple supplier

participation in each of these areas, which will build the business far faster than any closed

approach."

Unlike other systems using ATM, the multi-vendor system will send ATM cells all the way

to the set-top box instead of to the fmal active node in the system. Delivering ATM cells to the

home provides subscribers with access to more powerful interactive services. Transporting MPEG

information in ATM packets, the system will deliver up to 1500 channels of interactive

programming. (See Figure 1)
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Digital's integrated video server platfonn stores and transmits video-on-demand, and other

interactive infonnation services. It incorporates advanced technologies that enable it to process

pure ATM data and connect seamlessly with broadband infrastructures. Currently a key element in

a number of video-on-demand trials in the U.S. and abroad, the server platfonn incorporates

Digital's powerful Alpha AXP processors, StorageWorks disk storage arrays, Digital Linear Tape

library systems, an interactive gateway unit, a server management unit, GIGAswitch, a high-speed

networking switch linking the various elements, and a complete software environment to manage

the video server platfonn components and the interface back to the set-top box in the consumer's

home.

BroadBand Technologies' Fiber Loop Access (FLX@) platform is a fiber-to-the-curb

system that incorporates ATM switching and transport. The FLX system enables network

operators to provide advanced services such as enhanced cable TV, impulse pay-per-view movies

and movies-on-demand, multi-media home shopping, electronic yellow pages, interactive

educational programs, and telemedicine on up to 1500 interactive channels. The BroadBand FLX

system allows consumers to choose when and what to watch, transforming the idea of an unwieldy

cable TV system with hundreds of channels into an easy-to-use, interactive channel that is

customized for each consumer.

The intelligent interactive terminals developed and manufactured by Philips and CLI decode

compressed digital signals entering the home over the broadband network into a standard signal

usable by conventional TVs, stereos, and VCRs. The Digital Entertainment Terminals use the

MPEG-2 international standard for digital video compression, and the MPEG-specified Musicam

audio system. The tenninals contain microprocessing capabilities equivalent to a powerful

personal computer and have a total of over 5 Mbytes of random access memory (RAM).

Performance of the terminals exceeds that of existing conventional TV broadcast and cable

systems, offering picture resolution of 72Ox480 pixels accompanied by CD quality sound.

Microware Systems' DAVID (Digital Audio Video Interactive Decoder) is an open

operating system that runs on interactive digital television decoders, including the Philips/eLI

Digital Entertainment Tenninals in the end-to-end system. At the heart of DAVID is Microware's
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industry leading OS-9 Real-Time Operating System. The highly demanding functions of

interactive decoders require the multi-tasking, real-time perfonnance of OS-9. A set-top box

running DAVID displays on-screen menus allowing subscriber access to the infonnation

superhighway. The subscriber can interact with the applications, or select different applications,

via the set-top decoder's remote control. The easy to use screens will help navigate the user to

virtually infInite data banks of video and interactive programs.

BroadBand Te.chnologies, Inc., based in Research Triangle Park, N.C., was founded in

1988. Its mission is to provide network operators with the systems required to bring the power of

interactive switched digital broadband technology to consumers. The company's Fiber Loop

Access (FLXTM) System is currently being deployed by Bell Atlantic and has been in trials at most

regional operating companies, GTE, and a number of international telephone companies.

Compression Labs, Inc., based in San Jose, California, was founded in 1976 and is a

leader in the compressed digital video (CDV) communications arena. The company's CDV

technology digitizes and compresses full-motion video signals for practical and economical

transmission over telephone, satellite, and cable. Since 1982, CLI has developed and marketed

CDV technology across a broad spectrum of video communications applications such as video

conferencing, videophones, broadcast television and HDTV.

Digital Equipment Corporation is the world's leader in open client/server solutions from

personal computing to integrated worldwide infonnation systems. Digital's scalable Alpha AXP

platforms, storage, networking, software and services, together with industry-focused solutions

from business partners, help organizations compete and win in today's global marketplace.

Founded in 1977, Microware is one of the first microcomputer software houses serving the

real-time software market. Microware is a "total solution" supplier of real-time system software

products, providing high-perfonnance real-time operating systems, high-quality development tools

optimized for real time applications, and outstanding customer support. Microware offices are



BroadBand Technoloejes Pace 5

located in Des Moines, Iowa, San Jose, California; Tokyo, Japan; Winchester, England; and Aix

en-Provence, France.

Philips Consumer Electronics Company (PCEC), based in Knoxville, Tenn., designs,

manufactures and markets Philips and Magnavox consumer, professionaVcommercial and business

electronics products and systems. The North American unit of Philips Digital

Videocommunication Systems is based at PCEC. Working with Philips Laboratories, Briarcliff

Manor, NY, PCEC maintains one of the nation's largest television, video and audio engineering

capabilities. PCEC is a member of the Digital HDTV Grand Alliance, and part of Philips

Electronics N.V., a global leader in compressed digital video and interactive media technologies.

####

Note to editors: FLX is a trademark of BroadBand Technologies, Inc. Alpha AXP, Digital and the
Digital logo, GIGA switch and StorageWorks are trademarks of Digital Equipment Corporation.

For more information contact:
Julie Price
BroadBand Technologies, Inc.
(919) 405-4816

Gloria Bates
Digital Equipment Corporation
(508) 841-6544

Philips Consumer Electronics Co.
Jon Kasle
(615) 521-3274

Joyce Strand
Compression Labs, Inc.
(408) 922-4610

Arthur Ordufia
Microware Systems Corporation
(515) 224-1929


